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An Optical-Based Technique to 
Obtain Vibration Characteristics 
of Rotating Tires
Aakash Mange, Theresa Atkinson, Jennifer Bastiaan, and Javad Baqersad, Kettering University, USA
Abstract
The dynamic characteristics of tires are critical in the overall vibrations of vehicles because the tire-
road interface is the only medium of energy transfer between the vehicle and the road surface. 
Obtaining the natural frequencies and mode shapes of the tire helps in improving the comfort of 
the passengers. The vibrational characteristics of structures are usually obtained by performing 
conventional impact hammer modal testing, in which the structure is excited with an impact hammer 
and the response of the structure under excitation is captured using accelerometers. However, this 
approach only provides the response of the structure at a few discrete locations, and it is challenging 
to use this procedure for rotating structures. Digital Image Correlation (DIC) helps in overcoming 
these challenges by providing the full-field response of the structure. Although there have been 
many experiments on tires, there are few published papers that investigate the full-field dynamics 
of rotating tires at high rotating speeds. In the current work, the Kettering University Formula SAE 
(FSAE) vehicle is loaded on a chassis dynamometer for the purpose of performing a tire experiment. 
A pair of high-speed cameras capture high-resolution images to obtain the response of the tire 
sidewall in stationary and rotating conditions. The modal characteristics of the tire are obtained by 
processing these images. The results reveal the resonant frequencies and the operational deflection 
shapes of the loaded and unloaded tire in stationary and rotating conditions. The current article 
provides full-field information about the dynamics of tires at high rotating speeds for engineers and 
scientists in the field.
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1.  Introduction
Recently, there has been increased interest in improving the ride quality of ground vehicles; this makes it crucial to understand the vibrational characteristics 
of tires. The excitation from the road can ultimately reach the 
cabin, which affects the comfort and safety of the passengers 
[1]. To reduce these vibrations, it is important to obtain the 
vibrational characteristics of the tires. Several numerical 
models have been developed to understand the modal char-
acteristics of tires. However, these models must be validated 
using experimental data. Therefore, it is essential to develop 
testing methods that can help validate the results obtained 
through the theoretical and numerical models.
Traditionally, accelerometers are used to obtain the vibra-
tional characteristics of tires. These sensors are inexpensive 
and have high sensitivity [2]. They have been used to perform 
impact testing and to capture the mode shapes of tires in 
different conditions [3]. However, accelerometers can only 
provide information at their discrete measurement locations, 
and they may induce mass loading effects. Furthermore, it is 
challenging to use these sensors to measure the dynamics of 
rolling tires because of the wiring and data transmission issues.
To overcome these drawbacks, some researchers have 
developed noncontact techniques to measure the vibration 
response of tires. For example, laser-based tire sensors are 
sensors embedded in a module that can be attached to the 
rim. This type of sensor is highly robust and measures the 
deflections of the tire carcass in rolling conditions [4, 5]. 
However, they are highly sensitive to Light Emitting Diode 
(LED) alignment. Furthermore, the sensor assembly must 
be attached to the rotating tire, and hence a dead weight is 
required for balancing. To eliminate these concerns, 
researchers used Laser Doppler Vibrometers (LDVs) to study 
the vibrational characteristics of tires. This technique can 
be used to measure high-frequency vibrations; however, it 
requires a complex experimental setup due to its laser align-
ment requirement. Another disadvantage of this method is 
that it cannot simultaneously measure the entire response of 
a tire; thus, it is time consuming.
DIC is a noncontact optical technique that has been widely 
used to obtain the full-field deformation of structures. The 
technique was developed in the 1980s by Peters, Ranson, 
Sutton, and Chu et al. [6, 7, 8] and has found increased applica-
tions in the field of structural dynamics with advancements 
in computer technology and digital cameras. The technique 
works on the basic principle of triangulation [9]. The DIC 
system is calibrated before acquiring images for the three-
dimensional (3D) reconstruction. Detailed explanation of the 
theory behind this stereophotogrammetry technique can 
be found in [9, 10, 11, 12, 13]. This approach has been recently 
used for vibration measurements [14] and structural health 
monitoring [15]. The methodology has been applied to obtain 
dynamic characteristics of bridges [16, 17, 18], wind turbines 
[19, 20, 21, 22], helicopter rotors [23], human skin [13], and civil 
infrastructure [24]. The high-speed cameras of the DIC system 
capture images of the structure when it is vibrating, and the 
time domain information is processed to obtain the modal 
characteristics. This noncontact technique tracks each subset 
of points on the test structure in time and obtains a grayscale 
value for each subset. By comparing the deformed image with 
the undeformed reference image, the matching subsets of 
points are identified. After the correlation is obtained, the full-
field deformation of the structure is calculated. Applying the 
Fast Fourier Transform (FFT) to this time domain data, the 
natural frequencies and mode shapes of the structure are 
obtained in the frequency domain. This technique is robust, 
full-field, and noncontacting; it has been extended in the auto-
motive industry by various researchers [25, 26].
Although there have been many experiments on tires, 
there are few published papers that investigate the full-field 
dynamics of rotating tires at high rotation speeds. Modes of 
a rotating tire in the tread section have been studied by 
researchers [27]. However, this article focuses on studying the 
modes of the sidewall of a tire in rotating conditions. The 
application of DIC to tire dynamic measurements, and espe-
cially sidewall vibration, is investigated. A DIC measurement 
has been performed on a Kettering University FSAE racing 
tire in a non-rotating condition to obtain its mode shapes. A 
new set of Hoosier racing tires was used. The results from this 
test are compared with those obtained from a conventional 
modal analysis method to validate the approach. The DIC 
method was then used to experimentally measure the resonant 
frequencies and operational deflection shapes of the tire in 
rolling conditions. The results of this work can provide engi-
neers with a new technique that can be used to obtain the 
rotational dynamics of tires. The current article proposes 
using DIC as a noncontact full-field approach to measure 
dynamics of tires at high rotation speeds which is difficult to 
do with contact-based testing methods. The results from this 
work show the dominating effect of harmonics that has not 
been demonstrate in detail before. Attenuating the harmonics 
of the rotation frequencies would help in better understanding 
the modal characteristics of tires in rolling conditions.
2.  Digital Image 
Correlation
Stereophotogrammetry is a noncontacting measurement 
approach that uses a series of images recorded using a pair of 
digital cameras to find coordinates of points or patterns. The 
fundamental concept of photogrammetry is how to correlate 
object dimensions to photograph dimensions (see Figure 1). 
A single camera can be used to measure the displacement of 
objects in a planar motion. However, a 3D measurement must 
be performed using stereo cameras that are locked in place 
during the test. The photos are recorded simultaneously and 
are saved on a record. A triangulation technique using a ray-
tracing process is used to determine the coordinate of the 
features in the test structure.
The DIC technique works based on grayscale variations 
of a continuous pattern. The area of the test structure must 
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be prepared before the measurement. The surface preparation 
is usually performed by applying a high contrast speckle 
pattern on the structure. After surface preparation, a series of 
pictures are recorded using stereo cameras. The DIC method 
works by creating overlapping facets on the total area of 
interest. A facet size is usually 15-30 pixels square; thus, it 
includes several dots of the pattern (each dot is usually 3-7 
pixels). Because the speckle pattern is randomly created, each 
facet possesses a unique light intensity value, and the software 
can recognize the movement of each facet in different stages. 
The displacement and strain over the area of interest are calcu-
lated by correlating each fact to the corresponding facet in the 
reference stage (usually the first stage). This approach can 
provide a relatively continuous measurement on the patterned 
area of the structure and can be called a full-field measurement 
technique in the line of sight of the cameras (see Figure 2).
3.  Conventional Modal 
Analysis
The conventional modal analysis was performed on the non-
rotating tire to obtain mode shapes and resonant frequencies. 
These results are compared to the DIC results to validate the 
approach. For the modal hammer impact testing, the FSAE 
tire was excited using an impact hammer, and the response 
was captured using accelerometers that were attached to the 
tire with an adhesive. A Dytran impact hammer with a metal 
tip, which had a sensitivity of ~10mV/lbf, was used. The metal 
tip was employed to excite the high-frequency modes of the 
tire. The response of the tire was captured using two acceler-
ometers that were mounted to the tire. The unidirectional 
accelerometers were attached to different measurement loca-
tions such that these were not located at the node of a mode. 
Trial measurements were performed to ensure this. Figure 3 
shows the location of the accelerometers. The entire sidewall 
of the tire was divided into 36 measurement points. A roving 
impact hammer modal test was carried out for two different 
loading conditions of the tire. One test was performed when 
the tire was stationary and loaded on the drum roller, and 
another test was performed when the non-rotating tire was 
not loaded on the chassis dynamometer (a jack was used to 
lift the vehicle in this case). A 12-channel LMS data acquisition 
system was used to record the response. A bandwidth of 
512 Hz was chosen along with 1024 spectral lines to obtain a 
fine frequency resolution of 0.5 Hz. For each measurement 
point, five Frequency Response Functions (FRFs) were 
averaged. The coherence and power spectral density plots were 
observed during all the measurements. As the coherence plot 
quantifies the relationship between input and output, it was 
 FIGURE 1  The fundamentals of photogrammetry showing 
how the sensor size and pixel size can be correlated to the field 
of view and object sample size, respectively [28].
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 FIGURE 2  Full-field results obtain using DIC for analysis of 
an exhaust muffler [29].
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 FIGURE 3  Photograph showing the locations of 
accelerometers for impact hammer modal testing. The tire is 
mounted to the vehicle and loaded on the dynamometer.
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ensured that a good coherence of close to 1 was obtained in 
the measurements. The coherence tended to drop off in the 
higher frequency ranges, but was very good at low frequencies. 
Using a curve fitting technique, the modal parameters were 
obtained. The results are shown in Figures 4 and 5.
As shown in Figure 4, a small bandwidth of 8 to 80 Hz 
was chosen and these bands were curve-fitted using a 16-order 
polynomial. The graph shows that there are stable poles at the 
peaks of the 39.9 Hz and 64.7 Hz frequencies. These are the 
resonant frequencies of the tire in the unloaded condition. 
Mode shapes of the tire in this condition are obtained by 
choosing the stable poles. A similar procedure was followed 
to obtain the natural frequencies and mode shapes of the FSAE 
tire in the loaded condition; one such mode shape is illustrated 
in Figure 5. It should be noted that the only mode shapes 
obtained for the tire were the ones that showed major defor-
mations in the sidewall of the tire. Figure 5 shows a mode 
shape of the non-rotating tire when it is loaded on the dyna-
mometer, with an associated frequency of 59.4 Hz. This shape 
is similar to the mode shape of the tire at 64.7 Hz when it is 
in the unloaded condition. Because the tire was loaded on the 
drum roller, one side of the tire was in a fixed condition; hence, 
the nature of the mode shape changed.
4.  Modal Analysis Using 
Digital Image 
Correlation
Figure 6 shows the experimental setup. The Kettering 
University FSAE car was loaded on a Mustang chassis dyna-
mometer to obtain the operational deflection shapes of the 
tire at different speeds and loading conditions. Since the 
machine was a rear-wheel-drive dynamometer, the testing 
was performed on the left rear tire. The drum roller had 
multiple cleats that provided continuous cyclic excitation to 
the tire. The bumps and gaps on the roller (as shown in 
Figure 7) provide periodic excitation. As demonstrated in 
Figure 6, a pair of high-speed cameras recorded the deforma-
tion of the tire when it was stationary and when it was rotating. 
Frame rates of 500 fps and 1000 fps were used for non-rotating 
and rotating test cases, respectively. In order to reduce the 
motion blur, a small shutter time was implemented. High-
intensity lights were used to enhance the illumination for 
capturing the images.
The first step in performing a DIC measurement is the 
creation of a speckle pattern on the test structure. To improve 
the accuracy of the results, it is essential for the pattern to 
be high-contrast and nonreflective in nature. This speckle 
pattern reduces uncertainty and noise during point tracking 
and enhances the spatial resolution of the measurement. The 
DIC system divides the structure of interest into smaller 
subsets of speckles, and these subsets are tracked by the 
cameras to obtain the deformation of the test structure [14].
Figure 8 shows the tire with the finalized speckle 
pattern. To achieve this pattern, the tire is painted white at 
first. Then a marker is used to create the black speckles on 
the tire. After creating the speckle pattern on the tire, the 
experimental setup must be calibrated in order to reduce 
the perspective distance between the tire and the DIC 
system. This is done using a calibration plate. The calibra-
tion plate contains a pattern of uniformly distributed coded 
and uncoded targets. Around 20 images are captured when 
rotating and translating the calibration plate in different 
orientations. Analyzing the rigid calibration target, the 
location of the optical targets is recognized in the stereo 
camera pair using an ellipse finder algorithm. This 
 FIGURE 4  PolyMAX diagram obtained using conventional 
impact hammer modal testing for the tire in the unloaded 
condition, and the mode shapes at the respective 
resonant frequencies.
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 FIGURE 5  Mode shape of tire sidewall in the loaded 
condition at 59.4 Hz; result obtained using conventional impact 
hammer modal testing.
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procedure calculates the intrinsic and extrinsic parameters 
of the high-speed cameras using a triangulation algorithm 
that compensates for lens distortions. At the end of this 
calibration procedure, the software defines a three-dimen-
sional coordinate system on the test surface to remove any 
measurement bias. The experimentation is then performed 
for non-rotating and rotating conditions of the tire.
It is very challenging to measure the tread vibration with 
the DIC setup. The DIC system would need to be installed 
beneath the tire to capture tread deformation, and this would 
be difficult as the tire is rolling on the dynamometer. Gillespie 
[30] states that tire sidewall resonances are present in the lower 
frequency region which is of great interest because these low 
frequency modes are not only easily excited but also directly 
transmit the road vibrations to the vehicle.
The non-rotating test was performed for both the loaded 
and unloaded cases. To perform the measurement, the tire 
was excited at a single point using a modal impact hammer, 
and the response of the tire to this excitation was captured 
using the DIC system. The images captured by the high-speed 
cameras were processed to obtain the time domain displace-
ment of the tire. Performing an FFT on the time domain data, 
the frequency domain data were obtained. The results in the 
frequency domain were analyzed to acquire the modal char-
acteristics of the tire. Figure 9 shows the operational deflection 
shapes of the tire when it was not loaded; to perform this 
measurement, the tire was attached to the hub and lifted from 
the ground. The boundary condition of the unloaded test case 
was similar to that of the loaded test case, with the only differ-
ence being that the vehicle was lifted using a jack and hence 
the tire was no longer loaded on the dynamometer. This 
unloaded test was performed for the non-rotating condition 
of the FSAE tire.
Figure 9 shows the resonant frequencies of the unloaded 
tire at 39.6 Hz and 65.3 Hz. There is a strong correlation 
 FIGURE 6  Photograph showing the experimental setup of the DIC system. The high-speed cameras capture the response of 
the tire.
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 FIGURE 7  Photograph showing the cleats on 
the dynamometer.
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 FIGURE 8  Detail of the speckle pattern.
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between the resonant frequencies and the operational deflec-
tion shapes of Figure 9 (obtained from the DIC system) 
compared with the equivalent results shown in Figure 4 
(obtained using conventional modal analysis techniques). 
These results effectively validate the output from the DIC 
system through highly favorable comparisons with similar 
results obtained from the conventional impact hammer 
testing method. A comparison between tire resonant frequen-
cies for the two physical testing methods is provided in Table 1. 
From Table 1 it can be seen that the frequencies as determined 
using the DIC approach are within one percent of those estab-
lished using conventional modal analysis methods.
The same procedure was repeated to perform a test on 
the tire when it was loaded on the dynamometer. The non-
rotating tire was excited at a single point with the impact 
modal hammer, and the displacement data were obtained by 
processing the images captured by the high-speed cameras. 
Transferring the time domain data into the frequency domain 
showed that the loaded tire had a first resonant frequency of 
60 Hz. Figure 10 shows the acceleration response of the tire 
overlaid on its geometry, along with an FFT response plot and 
an operational deflection shape. The resonant frequency and 
operational deflection shape obtained using DIC match with 
the natural frequency and mode shape acquired using the 
conventional impact hammer approach. Table 2 lists the 
comparison between the resonant frequencies for the loaded 
condition. The frequency as determined using the DIC 
approach is within one percent of that established using 
conventional modal analysis methods.
The high percent change is because of change in the 
boundary condition between the unloaded and loaded test. 
Also, the percent change results from the two methods are 
almost the same (as can be seen from Tables 3 and 4).
5.  Operational Modal 
Analysis Using DIC
After validating the DIC data for the tire in the non-rotating 
conditions, the DIC system was extended for use in the 
rotating test cases. Figure 11 shows the FFT of the response 
for the case when the tire is rotating at 5 MPH.
DIC measurements were also performed on the tire when 
it rotated at higher speeds. For those measurements, the 
camera frame rate increased from 500 fps to 1000 fps, and the 
shutter time was decreased to reduce the motion blur. The tire 
underwent continuous cyclic excitations when it was rotating 
on the dynamometer. Additionally, there were multiple cleats 
present on the drum roller of the dynamometer that provided 
excitations to the tire. Due to the complex nature of the excita-
tions from the dynamometer system, it is challenging to 
identify the cause for each of the tire modes that were identi-
fied during testing.
 FIGURE 9  Operational deflection shapes of tire sidewall in the unloaded condition at 39.6 Hz and 65.3 Hz; results obtained 
using DIC system.
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TABLE 1 Comparison of the resonant frequencies of the tire 
in the unloaded condition obtained using two physical 
testing methods.
Mode
Frequency using 
conventional method
Frequency 
using DIC
Percent 
change
1 39.9 Hz 39.6 Hz -1%
2 64.7 Hz 65.3 Hz +1%
© 2019 SAE International. All Rights Reserved
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Figures 12, 13, and 14 show the full-field acceleration 
response, FFT plots, and operational deflection shapes of the 
rotating tire at speeds of 18, 30, and 40 MPH, respectively. 
The results indicate that DIC is a robust technique to 
obtain the modal characteristics of tires at high rotating 
speeds. As can be seen, the FFT plots show multiple peaks. 
Some of these peaks occurred because there were many 
radial modes of the tire that were excited; however, these 
modes were not fully captured in the side view. Also, the 
rotation of the tire can disturb the symmetry for repeated 
root modes. On the other hand, some of these peaks corre-
lated with operating deflection shapes of the tire due to the 
rotation of the tire.
The operating shapes shown in Figures 12-14 is related 
to one of the prominent peaks. More modes are shown in 
Figure 15. The dominating effect of harmonics (of the tire 
rotation frequency) makes it difficult to identify the actual 
modes of the tire. Further processing and research need to 
be carried out in order to eliminate the harmonics to better 
understand the vibration characteristics of the tire.
Table 5 shows that the resonant frequency of the tire 
changes in rotating condition as the mass and stiffness 
concentration would change with the rolling conditions.
6.  Discussion
Figure 15 shows the operational deflection shapes of the tire 
at a constant speed of 40 MPH. As the image indicates, the 
number of lobes in the operational def lection shape has 
increased compared with the non-rotating cases. This shows 
that the rotation of a tire can significantly change the dynamic 
characteristics of the tire. Some of these modes can also 
be excited at the rotating frequency and its harmonics. The 
tire had a diameter of approximately 18 inches. The rotational 
 FIGURE 10  DIC results for the stationary tire in a loaded condition: (a) overlay of the acceleration response on the tire 
geometry, (b) FFT plot of the measured response, and (c) operational deflection shape of the tire at 60 Hz.
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TABLE 2 Comparison of the resonant frequencies of the tire 
in the loaded condition obtained using two physical 
testing methods.
Mode
Frequency using 
conventional method
Frequency 
using DIC
Percent 
change
1 59.4 Hz 60 Hz +1%
© 2019 SAE International. All Rights Reserved
TABLE 3 Comparison of the resonant frequencies of the tire 
in the unloaded and loaded condition obtained using the 
conventional impact hammer testing.
Mode
Unloaded 
condition
Loaded 
condition
Percent 
change
1 39.9 Hz 59.4 Hz +39.2%
© 2019 SAE International. All Rights Reserved
TABLE 4 Comparison of the resonant frequencies of the tire 
in the unloaded and loaded condition obtained using DIC.
Mode
Unloaded 
condition
Loaded 
condition
Percent 
change
1 39.6 Hz 60 Hz +40.9%
© 2019 SAE International. All Rights Reserved
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speed for this tire with a translational speed of 40 MPH was 
800 RPM. This rotational speed equates to a fundamental 
frequency of 13.33 Hz. The third, fourth, and fifth harmonics 
of the rotational frequency correspond to 40.0 Hz, 53.3 Hz, 
and 66.7 Hz, respectively. As shown in Figure 15, the opera-
tional deflection shape of the tire has three lobes at 38.9 Hz, 
which is the third harmonic of the rotation frequency. 
Similarly, at a frequency of 104.1 Hz, which is the eighth 
harmonic, the operational deflection shape of the tire has eight 
lobes. Because the harmonics have a dominating effect, it is 
essential to attenuate their effects.
The results in Figure 13 can be interpreted by considering 
the contact patch force. When the tire is rotating, a force is applied 
to the contact area of the tire. If the tire is analyzed in a rotating 
coordinate system, that is, a moving frame of reference that is 
fixed to the tire, then from the perspective of an observer in the 
 FIGURE 12  DIC results for the rotating tire at 18 MPH: (a) overlay of the acceleration response on the tire geometry, (b) FFT plot 
of the measured response, and (c) operational deflection shape of the tire at 64 Hz.
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 FIGURE 11  DIC results for the rotating tire at 5 MPH: (a) overlay of the acceleration response on the tire geometry, (b) FFT plot 
of the measured response, and (c) operational deflection shape of the tire at 52 Hz.
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 FIGURE 13  DIC results for the rotating tire at 30 MPH: (a) overlay of the acceleration response on the tire geometry, (b) FFT 
plot of the measured response, and (c) operational deflection shape of the tire at 139 Hz.
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 FIGURE 14  DIC results for the rotating tire at 40 MPH: (a) overlay of the acceleration response on the tire geometry, (b) FFT 
plot of the measured response, and (c) operational deflection shape of the tire at 86 Hz.
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moving frame1 there is a contact patch force that rotates on the 
tire. In fact, the test condition can be modeled as a fixed tire 
subjected to a rotating force. This harmonically rotating force 
can excite the tire and generate dynamic deformation shapes. 
Thus, the harmonics of the rotating force will also be present in 
the operational deflection shapes as shown in Figure 13.
7.  Conclusion
In this article, DIC was used to obtain the vibration charac-
teristics of a rotating tire. Conventional impact hammer 
modal testing was carried out to acquire the vibrational 
1 The usual convention is assumed here, in that the observer rotates with the 
moving frame and is “welded” to it.
characteristics of the Kettering University FSAE tire. The 
natural frequencies and mode shapes of the tire were obtained 
in different loading conditions. DIC was used for the same 
test cases and the results compared very well with those 
obtained from conventional testing methods. The DIC 
approach was also implemented for the rotating test condi-
tions of the FSAE tire. The vehicle was loaded on the dyna-
mometer and the tire was excited through the drum roller at 
different rolling speeds. The results exhibit the different 
resonant frequencies and operational deflection shapes of the 
tire that were captured using DIC. On the other hand, it was 
shown that, when the effects of the harmonics are not 
dominant, the resonant frequencies for the actual modes of 
the tire decreases as the rotation speed increases. Upon further 
analysis of the frequency domain information for the tire in 
rotating conditions, it is observed that there are many 
dominant peaks in the FFT plots that can be associated with 
harmonics of the fundamental tire rotation frequency.
The noncontact DIC technique successfully captures the 
vibration responses of the tire in rolling conditions, which 
is difficult to obtain using the conventional technique of 
modal analysis. DIC is a robust method that has a shorter 
processing time when compared with the other noncontact 
techniques such as Laser Doppler Vibrometry. The noncon-
tact DIC technique provides the full-field response of the 
tire, and it can also be used to extract the displacement and 
strain data simultaneously. The results indicate that rotating 
tires can have operating deflection shapes that may not exist 
or may not be  excited when stationary. These operating 
TABLE 5 Comparison of the resonant frequencies of the tire 
in non-rotating and rotating conditions obtained using DIC.
Mode
Frequency in 
non-rotating 
loaded condition
Frequency in rotating 
conditions
Percent 
change
1 60 Hz 52 Hz (for 5 MPH) -14.2%
64 Hz (for 18 MPH) +6.4%
139 Hz (for 30 MPH) +79.3%
86 Hz (for 40 MPH) +35.6%
© 2019 SAE International. All Rights Reserved
 FIGURE 15  Operational deflection shapes of the tire at 40 MPH.
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shapes generally corresponded to the harmonics of the 
fundamental rotation frequency. This signifies that the 
rolling condition of the tire greatly affects its dynamic prop-
erties and its dynamic response.
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Definitions/Abbreviations
DIC - Digital image correlation
FFT - Fast Fourier transform
fps - Frames per second
FRF - Frequency response function
LED - Light emitting diode
LDV - Laser Doppler vibrometer
MPH - Miles per hour
NVH - Noise, vibration, harshness
RPM - Revolutions per minute
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